A Gram-reaction-negative, aerobic, non-flagellated, non-gliding, rod-shaped and yellow-pigmented bacterium, designated strain TH021
The genus Flavobacterium (family Flavobacteriaceae, phylum Bacteroidetes) was first proposed by Bergey et al. [1] , and extensively emended descriptions of the genus were given by Bernardet et al. [2] , Dong et al. [3] and Kang et al. [4] . Members of the genus are Gram-stain-negative, strictly aerobic, rod-shaped, non-spore-forming, yellow-pigmented and contain menaquinone-6 (MK-6) as the major respiratory quinone. Species of the genus Flavobacterium have a DNA G+C content in the range of 30-41 mol% [5] , except for Flavobacterium subsaxonicum WB 4. T and Flavobacterium caeni LM5 T [6, 7] . At the time of writing, more than 170 species in the genus Flavobacterium have been isolated from various habitats, such as freshwater, saltwater, soil, glaciers and marine sediments [5] . Many studies have reported Flavobacterium-dominated bacterial communities inhabiting cyanobacterial aggregates during bloom [8, 9] ; However, few strains inhabiting cyanobacterial aggregates have been isolated and characterized. The present study includes the characterization of a novel strain of the genus Flavobacterium, designated TH021
T , which was isolated from cyanobacterial aggregates in eutrophic Lake Taihu in Jiangsu Province, China. Lake Taihu is the third largest freshwater lake in China, located in the rapidly developing, economically important Changjiang (Yangtze) river delta. Cyanobacteria often form large mucilaginous blooms in the lake due to anthropogenic nutrient over-enrichment. It is known that many heterotrophic bacteria live in association with cyanobacteria [8, 9] . To maintain a cyanobacterial bloom's dominance, bacterial taxa within the cyanobacterial aggregates possibly catalyse the turnover of complex organic matters released by the cyanobacteria to recycle previously loaded nutrient sources [8] .
Cyanobacterial aggregates from Meiliang Bay (31 30¢ N, 120 11¢ E) in Lake Taihu were collected and transferred to 500 ml beakers and left at room temperature for 2 h. This IP: 54.70.40.11
On: Thu, 28 Mar 2019 23:19:00 resulted in floatation of the cyanobacterial aggregates to the top of the beaker. Several of the largest aggregates were selected for testing and washed three times in sterile lake water. The washed aggregates were then mixed with sterile sand followed by vortexing for 60 s. Suspended cells were then serially diluted and the dilutions were plated on Reasoner's 2A (R2A; Oxoid) agar plates and then incubated at 28 C to isolate bacteria. Strain TH021 T was stored at À80
C as a suspension in R2A broth with glycerol (15 %, v/v).
Bacterial genomic DNA was isolated using a phenol/chloroform protocol as previously described [10] . Paired-end libraries were reconstructed and a partial genome sequence was obtained on an Illumina HiSeq 2000 instrument. The full length of 16S rRNA gene of the novel strain was determined to have a coding region length of 1450 bp. Firstly, based on the Living Tree Project 128 (www.arb-silva.de/ projects/living-tree/) database a range of relevant type strains with a cognizable relationship to TH021
T was determined ( Fig. S1 , available in the online version of this article). Then, the identification of phylogenetic neighbours and the calculation of pairwise 16S rRNA gene sequence similarities were performed using the EzBioCloud's Identify service (www.ezbiocloud.net/identify) [11] and BLASTn searches against the GenBank NCBI database. Sequence comparison and analysis were carried out using CLUSTAL_X version 1.83 [12] and phylogenetic analysis was performed using MEGA 7 [13] . The Jukes-Cantor model [14] was used to calculate evolutionary distances. The option for the treatment of gaps and missing data was complete deletion. Phylogenetic trees were reconstructed using the neighbour-joining, maximumlikelihood and maximum-parsimony methods with bootstrap values based on 1000 replicates [15] The DNA G+C content of strain TH021 T was 41.9 mol%, which is higher than the values given for F. suzhouense XIN-1 T (39.8 %) [16] and F. arcticum SM1502 T (37.0 %) [17] and lower than that of F. hauense BX12 T (43.9 %) [18] (Table 1 ).
The overall genome relatedness index was analysed [19] . Digital DNA-DNA hybridization (DDH) values were determined online (http://ggdc.dsmz.de/distcalc2.php) using the Genometo-Genome Distance Calculator (GGDC) version as described by Meier-Kolthoff et al. [20] . The estimated DDH values were calculated using formula two at the GGDC website, as originally described by Auch et al. [21] and updated by MeierKolthoff et al. [20] . The average nucleotide identity (ANI) calculator uses the OrthoANIu algorithm and was calculated using the server-based software at www.ezbiocloud.net/tools/ ani. ANIs and the digital DDH values for complete genomes ranged from 69. 4 Table 2 ).
Growth at various NaCl concentrations was investigated for strain TH021 T and reference strains by using R2A with final NaCl concentrations of 0, 0.5, 1.0, 1.5, 2.0, and 2.5 % (w/v, pH 7.0, 28 C). The pH range for growth was assessed in R2A and adjusted to pH 5.0-10.0 at intervals of 1.0 pH unit with 1 M HCl or 1 M NaOH (28 C). The range of temperatures for growth was tested using R2A medium (pH 7.0) at temperatures of 4, 15, 20, 28, 32, 37, 40 and 45 C. Cell morphology and flagella production were observed using a transmission electron microscope (model JEM-1400; JEOL). Gram staining was performed using Hucker's method [22] . Gliding motility and flexirubin-type pigments were detected by using the methods described in Bernardet et al. [23] . Oxidase activity was assessed using oxidase test strips (Merck). Catalase activity was tested by observing bubble formation in 3 % (v/v) hydrogen peroxide solution. Strains were incubated in an anaerobic triangular flask containing R2A broth supplemented with cysteine hydrochloride (0.05 %, w/v), sodium sulfide (0.05 %, w/v) and potassium nitrate (0.1 %, w/v) to test whether cultures could grow without oxygen. Hydrolysis of agar, casein, egg yolk, starch and Tweens 20, 40, 60 and 80 were investigated as described by Smibert and Krieg [24] . Additional enzymatic activities and biochemical characteristics were investigated using the API ZYM and API 20 NE strips (bioM erieux). Utilization of carbohydrates was tested on yeast nitrogen base media lacking amino acids (Bacto) and API 50CH strips. All tests were performed in duplicate.
Strain TH021
T grew at pH 5.0-10.0, 4-32 C and 0-1.0 % (w/v) NaCl in R2A broth. Strain TH021
T grew aerobically on R2A and formed yellow colonies after 24 h at 28 C. Anaerobic growth was not observed. Cells were Gram-reaction-negative, non-flagellated rods (Fig. 2) and were nonemotile. The strain was catalase-and oxidase-positive, and hydrolysed aesculin, casein and starch, but not gelatin and Tween 80. It could not produce H 2 S from cysteine. The strain was negative for the Voges-Proskauer test and indole production. The physiological characteristics of strain
TH021
T are summarized and compared with those of closely related type strains in Table 1 .
For cellular fatty acid analysis, cells of strain TH021
T and three reference strains were harvested from the third quadrant on R2A plates after incubation at 28 C for 2 days. Analyses of cellular fatty acids were performed using the Sherlock Microbial Identification System (MIDI) [25] . Polar lipids were extracted using a chloroform/methanol system and analysed using one-and two dimensional thin-layer chromatography (TLC), as described previously [26] . Merck silica gel 60 F254 aluminum-backed thin-layer plates were used in the TLC analysis. The plate dotted with samples was subjected to two-dimensional development, with the first solvent of chloroform-methanol-water (65 : 25 : 4, by vol.), followed by a second solvent of chloroform-methanol-acetic acid-water (85 : 12 : 15 : 4, by vol.). Total lipid material was detected using molybdatophosphoric acid and specific functional groups were detected using spray reagents specific for defined functional groups [26] . Respiratory quinones were extracted from lyophilized cells and the extracts were purified and analysed by high-performance liquid chromatography according to the method of Collins [27] .
The predominant fatty acids of strain TH021
T (>10 % of the total) were iso-C 15 : 0 (35.2 %) and C 16 : 1 !7c/C 16 : 1 !6c (13.6 %) ( Table 3) . Although the major fatty acids were similar to those found in F. hauense BX12 T , F. suzhouense XIN-1 T and F. arcticum SM1502 T , strain TH021 T had a significantly lower proportion of C 15 : 0 and iso-C 17 : 1 !9c. The predominant respiratory quinone of strain TH021
T was MK-6, in line with all members of the family Flavobacteriaceae [28] . The major polar lipids were found to consist of phosphatidylethanolamine and several unidentified aminolipids and lipids (Fig. S3) . Phosphatidylethanolamine was the major component common in the genus Flavobacterium [3] .
Strain TH021
T could be differentiated from F. hauense BX12 T , F. suzhouense XIN-1 T , and F. arcticum SM1502 T on the basis of activity of cystine arylamidase, a-galactosidase, a-and b-glucosidase, and trypsin in API ZYM tests, utilization of D-glucose, L-arabinose, D-mannose, maltose and trisodium citrate in API 20ne tests (Table 1) . Moreover, overall genome relatedness index, lower than the threshold, was another characteristic distinguishing strain TH021 T and strains within the genus Flavobacterium. Strain TH021 T could be distinguished from other species of the genus Flavobacterium with validly published names by its fatty acid profiles and different phenotypic characteristics (shown in Tables 1 and 2 ).
The phenotypic and polar lipid characteristics suggest that strain TH021 T is a member of the genus Flavobacterium. Differential phenotypic properties shown in Table 1 as well as 16S rRNA gene sequence analysis and genomic comparison data justify the creation of a novel species, for which we propose the name Flavobacterium cyanobacteriorum sp. nov. . All data are from the present study except the DNA G+C content of the three reference strains (2, 3 and 4) which were taken from Dong et al. [18] , Zhang et al. [16] and Li et al. [17] . All strains are non-motile and are positive for hydrolysis of aesculin, oxidase, acid phosphatase, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, naphthol-AS-BI-phosphohydrolase, and valine arylamidase activity, but negative for H 2 S and indole production, Congo red absorption, flexirubin-type pigments, arginine dihydrolase, N-acetyl-b-glucosaminidase, a-chymotrypsin, a-fucosidase, b-galactosidase, b-glucuronidase, lipase (C14), a-mannosidase and urease activity, hydrolysis of CM-cellulose and urea, assimilation of N-acetylglucosamine, adipic acid, capric acid, gluconate, malic acid, D-mannitol, sucrose and phenylacetic acid. +, Positive; À, negative. 
Enzyme activity (API ZYM) test:
41.9* 43.9 39.8 37.0 *G+C content was based on total genome calculations.
DESCRIPTION OF FLAVOBACTERIUM CYANOBACTERIORUM SP. NOV. 6 -*Summed features represent two or three fatty acids that cannot be separated by gas-liquid chromatography using the MIDI system. Summed feature 3 comprises C 16 : 1 !7c/C 16 : 1 !6c; summed feature 4 comprises iso-C 17 : 1 I and/or anteiso-C 17 : 1 B; summed feature 9 comprises iso-C 17 : 1 !9c and/or 10-methyl C 16 : 0 . 
